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Development of a real-time prediction system of CME arrival and its magnetic
field with ensemble SUSANOO-CME simulation

#Daikou Shiotal) ,Kenichi Otsujil),Yuki Kubol),Seiji Yashiro?

(1National Institute of Information and Communications Technology (NICT),(2Catholic University

The predictions of CME arrival to the Earth and the southward magnetic field brought by the CME flux ropes are one of
crucial tasks for space weather forecast. We have recently developed a new prediction system of the CME impact (arrival
of CME and magnetic field) with the MHD simulation SUSANOO-CME (Shiota & Kataoka 2016). The current prediction
system has been used at the NICT space weather forecast operation since August 2022. Based on the real-time observations
of flares and CMEs, ensemble simulations can be conducted on the supercomputer in NICT and the results are automatically
visualized within 1 hour. The system is designed to be operated through a browser and is available to a forecaster who does
not have a supercomputer account. In cases of X-class flares (X10 and above?), we conduct ensemble simulations without
the CME observations because there is a large latency of the CME observations. We estimate the CME speed and width from
the empirical relationship between the flare and the CME parameters.

The solar activity increases toward the maximum of Solar Cycle 25 expected around 2025, and the chance that an extremely
large flare occurs becomes higher. In the presentation, we introduce an overview of the developed system showing the results
used in the actual forecast operation, and discuss future directions.
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A Periodic Variation of Solar Wind Origins in Solar Cycles

#Kenichi Fujiki'),Kazumasa Iwai?), Munetoshi Tokumaru®)

(Unstitute for Space-Earth Environmental Research,®Institute for Space-Earth Environmental Research, Nagoya
University, ®Institute for Space-Earth Environmental Research, Nagoya University

The solar wind is an important piece of information in space weather, space climate, and heliophysics, however, we have
not yet fully understood its origin and acceleration mechanism and behavior in the heliosphere. Especially for the space
climate, a variation of the global solar wind structure provides the key to understanding. Interplanetary scintillation (IPS)
observation at the Institute for Space-Earth Environmental Research (ISEE) started routinely in 1985, and it allows us to
reconstruct global solar wind velocity structure in each Carrington rotation (CR) without winter. Here, to derive long-term
variations, the ISEE-IPS data are converted into latitudinal velocity structure data such as sunspot butterfly maps. It is clearly
seen that the solar wind is composed of two types of solar wind with about 400 km/s (slow solar wind) and 800 km/s (fast
solar wind), known as the bimodal solar wind, and their boundary latitudes depend highly on solar cycles. Subsequently,
we employed the Potential Field Source Surface (PFSS) model to estimate the origins of the solar wind and investigate
the characteristics of its long-term variation. Our findings reveal that the majority of the slow solar wind emanates from
coronal holes situated at mid- and low-latitudes, whose spatial distribution aligns with the sunspot butterfly diagram. In
this presentation, we concentrate on the variability of the solar wind origins and their statistical properties from 1985 to the
present.
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Time-Series Prediction of SDO Ultraviolet Full-disk Images using a Video Predic-
tion Method with Deep Learning

#Akira Sasaki'), Yusuke iida®)

(INiigata University

Space weather disturbances in the vicinity of the Earth have a significant impact on the operation of aircraft and artificial
satellites, and the importance of space weather forecasting is increasing year by year with the proliferation of space utilization
in recent years. Solar full-disk ultraviolet images are often used in predicting solar activities that influence space weather.

In this study, we conduct prediction and generation of full-disk solar ultraviolet images for earlier space weather forecasting
using a method known as video prediction.

Video Prediction is a deep learning model that takes a part of a video as input and generates and outputs frames that are
predicted to follow that input. Video prediction has made remarkable progress in recent years, especially since the advent
of ConvLSTM (Shi, Xingjian, et al 2015), with models such as Pred-RNN (Wang, Yunbo, et al. 2017) that model spatial
features and temporal changes in a unified memory flow, and E3D-LSTM (Wang, Yunbo, et al. 2018) that introduces three-
dimensional convolution. In this study, we used the Motion-Aware Unit (MAU) based on Pred-RNN proposed by Chang,
Zheng, et al. (2021).

As a dataset, we used full-disk images of SDO/AIA211, where large structures such as coronal holes and active regions
can be clearly seen. Data from 2010 to 2022 were sampled at 4-hour intervals. We built a model that takes 48 hours of data,
or 12 full-disk images, as input and estimates the following 48 hours at 4-hour intervals.

The model we built generally reproduced large-scale structures that were visible on the disk at the time of the most recent
input, along the differential rotation. We compared the UV intensity of the same pixel in the predicted image and the correct
image for ten such active regions and calculated the correlation coefficient, which was 0.86 after 4 hours, 0.76 after 24 hours,
and 0.63 after 48 hours. In addition, the model also roughly reproduced the distribution of UV intensity for active regions
that existed on the eastern limb at the time of the latest input and appeared on the disk after time passed.

These results demonstrate the usefulness of deep learning-based video prediction technology in space weather forecasting.
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Development of a coronal hole detection method from extreme ultraviolet images
using deep learning

#So Fujiya® , Yusuke Tida®)

(1Graduate School of Science and Technology, Niigata University

Coronal holes are regions of open magnetic fields which observed as dark areas in the solar corona because of their low
density and temperature compared to other coronas. They are the source of high-speed solar wind streams, whose interac-
tion with Earth’s magnetosphere causes geomagnetic storms. In recent years, coronal hole detection methods based on deep
learning has been reported by several researches, and detection results are expected to be more accurate than conventional
detection methods with image processing technique. On the other hand, although the significant correlation between the
coronal hole area and the solar wind parameter has been reported, the model accuracy for coronal hole detection has not
been directly evaluated. In this study, we developed a coronal hole detection method using machine learning, evaluated, and
improved it focusing on the area of coronal holes.

We developed a coronal hole detection model using U-Net, a semantic segmentation model that classifies each pixel to the
defined categories. The detection model uses the full-disk EUV images from SDO/AIA as input, and classifies each pixels
whether it is a coronal hole. We used 754 images of three types in the 171 angstrom, 193 angstrom, and 211 angstrom wave-
band for about two years. Also, we used the coronal hole identification via multi-thermal emission recognition algorithm
(CHIMERA ; Garton et al., 2017) to create class labels in ground-truth data. CHIMERA analyses multi-thermal images from
the AIA/SDO to detect coronal holes with image processing by their intensity ratio across three passbands, e.g. 171 angstrom,
193 angstrom, and 211 angstrom.

We achieved F-score=0.859 and IoU=0.759 for coronal hole detection using U-Net. In addition, we evaluated using
RMSE to compare the area of each coronal hole in the predicted images and the label images, as a result, we achieved
RMSE=1098.0[pixel]. In the next experiment, we focused on the normalization method for input data to improve the ac-
curacy of coronal hole detection. Finally, we achieved F-score=0.881, IoU=0.792 and RMSE=835.1[pixel] for coronal hole
detection by changing to the normalization method using stretch function.
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HPC Challenge to Solar-Terrestrial Environmental Research
#Hideyuki Hotta®)
(1Nagoya University

Program for Promoting Researches on the Supercomputer Fugaku (Elucidation of the Sun-Earth environment using sim-
ulations and Al) has started in FY2023. This program targets the solar interior, surface, corona, solar wind, interplanetary
space, and Earth’s magnetosphere, and aims to understand the elementary processes of solar-terrestrial environmental change
phenomena and realize inter-disciplinary collaboration by using large-scale simulations with “Fugaku” and Al

The origin of the phenomena of the Sun-Earth system is the dynamo motion in the solar interior. Part of the magnetic field
generated by the dynamo appears on the solar surface as sunspots and causes explosive flares. The magnetic field on the solar
surface generates solar wind, which, along with coronal mass ejections, has a significant impact on the Earth’s environment.
Although these phenomena are closely related, their comprehensive treatment has been limited because of their significantly
different spatial and temporal scales. In addition, some elementary processes, such as dynamo and coronal heating, are poorly
understood, which hampers their study as a whole. On the other hand, our field has fully benefited from supercomputers,
which have evolved over the years and have allowed for a better understanding of physical processes as computations have
become larger and larger.

In this talk, we will review the current status of Sun-Earth environmental research using HPC and discuss the future direc-
tion of this research.
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Progress in introducing new space weather forecasting and warning types criteria
that take into account social impacts

#Takuya Tsugawa® , Yuki Kubo'),Mamoru Ishii®)

(1National Institute of Information and Communications Technology

While many countries are studying the impact of space weather phenomena on social infrastructure and how to respond to
them, the Ministry of Internal Affairs and Communications (MIC) ’Study Group on the Advancement of Space Weather Fore-
casting” has been held in Japan in 2022, and the report was released in June 2022.(https://www.soumu.go.jp/menu_news/s-
news/01tsushin05_02000047.html). Among the recommendations discussed in the study group, such as future observation,
analysis, and forecasting related to space weather forecasting, and strengthening of the warning system, the formulation of
new forecasting and warning standards that take into account the impact on social infrastructure and reliable warning distri-
bution by the National Institute of Information and Communications Technology (NICT) is identified as particularly urgent
issues.

The current NICT’s forecasting and warning information focuses on the scale of the space weather phenomena and do not
include information on social impacts, but forecasting and warning information based on social impacts are necessary for
users to determine specific responses. Therefore, the Working Group on Space Weather Warning Criteria, established under
the Study Group, examined new warning types and criteria that take into account the social impact of space weather phe-
nomena, and established a total of 17 types of forecasts and warnings in the five fields of communications and broadcasting,
positioning, satellite operations, electric power, and aviation exposure. For the fields of communications and broadcasting
(HF band), space system operation (satellites), and aviation exposure for which thresholds have been established, we have
studied the content and timing of warning distribution and developed an automatic distribution system.
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Development of a large-flare warning system based on K -scheme

#Yumi Bamba'),Daikou Shiota®), Yuki Kubo®) ,Kanya Kusano?

(INational Institute of Information and Communications Technology, ®Institute for Space-Earth Environmental Research,
Nagoya University

NICT provides space weather forecast and predicts the largest solar flare which is expected to occur within 24 hours. We
announce the urgent solar flare alert right “after” the large flare occurred. However, it does not sometimes work to prevent
geoeffective incidents (e.g., Dellinger phenomena), because the electromagnetic waves immediately reach to Earth from the
Sun. It is thus required to develop the large flare warning system that predicts and notices the large flare occurrence at least a
few hours “before” its onset. On the other hand, a new large flare prediction model ” x -scheme” was recently developed by
Kusano et al. 2020. In x -scheme, the critical condition of the large flare occurrence is quantitatively described based on the
double-arc instability theory (Ishiguro & Kusano 2017).

In this study, we develop an X-class flare warning system based on the k -scheme, in order to practically use in our space
weather forecast operation. We first extrapolate the three-dimensional coronal magnetic field (nonlinear force-free field;
NLFFF) in an active region from the photospheric magnetic field data obtained by SDO. We then calculated the following
parameters based on the NLFFF: High Free Energy Region (HIFER) where the strong magnetic free energy is stored, the
critical radius r. to trigger the double-arc instability in the reconnection region, and the estimated minimum energy E,. that
can be released by the double-arc instability. Kusano et al. 2020 suggests that flares larger than X2-class occur under the
condition of r, <0.1 [Mm], E,. >103? [erg]. We are planning to issue the advisories and/or alerts for the imminent X-class
flare based on the HiFER together with the r., and E,. conditions. In the presentation, we report the progress of the system
development and tasks to utilize the system in our space weather forecast operation.
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Prediction of solar EUV spectra during solar flares using Machine Learning

#Mamoru Maeda') , Kyoko Watanabe') ,Shohei Nishimoto!),Shinnosuke Kitajima'),Masumi Shimojo?),Kosuke Namekata?),Satoshi
Masuda®)

(INational Defense Academy, *National Astronomical Observatory of Japan,®Nagoya University

X-ray (0.1-10 nm) and extreme ultraviolet (EUV: 10-124 nm) emissions from the Sun ionize atoms and molecules in
the Earth’s upper atmosphere and contribute to the formation of the ionosphere. The ionosphere is used for satellite and
terrestrial communications. Since the ionospheric environment fluctuates with the 11-year solar cycle and sudden space
weather phenomena such as solar flares, it is necessary to monitor and predict the ionospheric environment to keep a stable
communication environment.

Observations of solar X-rays and EUV emissions, which have a large impact on the ionosphere, are limited to the period
of satellite operation. On the other hand, microwave emissions from the Sun can be observed on the ground. It is known
that there is a good correlation between solar microwaves and solar EUV emissions, and microwave at 2.8 GHz (F10.7) have
traditionally been used as proxies for EUV emission when estimating the impact of solar emissions on the Earth’s upper
atmosphere, including the ionosphere. Recently, however, it has become clear that F10.7 alone cannot explain the actual
affect to the Earth’s upper atmosphere, because the variation of the EUV spectrum varies with wavelength. For this reason,
studies such as Zhang & Paxton (2018) have recently been conducted to reproduce solar EUV radiation from multiple
frequencies of radio observation data using machine learning.

We have studied solar cycle variations by using machine learning method to reproduced EUV emission spectra from
multi-frequency radio emissions. By using data from the NoRP (1, 2, 3.75, 9.4 GHz) and Learmonth solar radio telescopes
monitor (610, 1415 MHz) , we have succeeded in reproducing the EUV emission spectrum observed by TIMED/SEE. The
machine learning method also revealed which frequencies contribute to the reproduction of EUV emissions and found that
lower frequencies such as 1 GHz and 2 GHz contribute significantly to the reproduction of EUV emissions.

In this study, we try to reproduce of solar EUV emission spectrum observed by SORCE/XPS during solar flare by using
multi-frequency data from NoRP. The time resolution of SORCE was only about 5 minutes, which was not enough to obtain
sufficient data during flares, so it was not possible to discuss time variability. Therefore, we first tried to reproduce the
total amount of EUV emission for each flare event using SDO/EVE data with high temporal resolution of 10 seconds. The
time-integrated intensities of both radio and EUV data for each flare event are used as input values and as output values for
machine learning. As a result, a good correlation is observed at a ten few nm, and we are able to reproduce to some extent
the amount of EUV radiation during solar flares from the radio data.

In this presentation, we will report the results of reproduced solar EUV emission spectrum during solar flares by machine
learning method, and discuss the reproduction of the temporal variation of EUV emission with radio data.

ﬁ%ﬁ)%@Xﬁ (0.1-10 nm) 2 #EEAHR (EUV: 10-124 nm) &, MR LB RSH O Fr BT

. BEEEOERICHES LTV, BB A EEECH EoBEIcHH I TWE 2, BB ORBEIZ RGO 11 F£7E
ﬁﬂ@iﬁl‘ﬁ7l/7ﬁk@jc§t§ﬁ’]@fﬁg%kiof% EET 2720, WELBERELHRT 27-0121%, EHERE 2,
HeFRT2ZEDRETH B,

EREEANDHE DR X WK X #R - EUV G OBHIE, N LEEo#EAECR T wE, —7., KEG» o DR
D5 BLERIIM ECTEHAICE 52, KBEWR & K EUV BAHIHBEZRWZ 256 TE D, I TEMEZ &0
BREBERIEAD KRS O &R AfED 2213 F10.7 2 WS 2.8 GHz ODEFH EUV Gto Faxs v LTHWSNT
&7z, L LiIEE, BUV BEHARY MLOEEFNIFERICE > TR 2720, F10.7 720 TIZEBRICHIBRE R ICHE L
TWARSEZFHTER NI DT> TE, ZD7ORATIX, Zhang & Paxton (2018) @ & 5 A E %W T
BRABHL DO BB T — 2 2 & KG EUV B OB L B 2R 55Nk I T 5,

INFTREGAPELHNICBWT, ZEKEOERBE 25 EUV SRR MVEBRBS 25217 - 72, BidI5EE R
5t (NoRP; 1, 2, 3.75, 9.4 GHz) & Learmonth solar radio telescopes monitor (610, 1415 MHz) O#HIT— X ZHW2 2
¥ C., TIMED/SEE THHIX 7= EUV Bt 2AR7 bLEEMEE CIAER T2 221 ﬁy.]j]bto F 7. BHEEOF
HBEHAWS Z2ickoT, YOREBDERD EUV BB OBFICHFES L TWE2IZOWTHaH, D, 1 GHz % 2 GHz
WV o TRV EEE OB EUV M OBIICKELFELTVWE Z L0 h o7,

SENE KRG 7 L 7 RRICB T 2K EUV BB AR MLV OBER%ZH A2, NoRP DZEE T — 255 7L 7RI
SORCE/XPS CTH#IHlX /= EUV F— X OFEEHAAZE 2 A, T2 BWHEARR SN TO2+ 8 nm OBEHIERTE
7=, FHEEAYHED N BEUV ST O BEIEEL <. %72 SORCE DORFE S EREIX S 0RREETH D 7L 7D 7 — X B+551215
LN oT-, FRHEEENCE T 28I TERDP o7, 22T, RS EEED 10 D SDO/EVE O 7 — X EfHH L.



FTTILT7ARY PO EUV S EOREOHREZEHIE L2, B, BEUV 7 =X 7L 74 RV b Z L OBETE
EEREES Lzd D% ANME, HAEY USREE AL LEE X872, Z0O/E,. R0+ nmm TERWHEESR
b, BERT—Z25KE7 L 7RICBET 2 EUV O%MEBGHEL B 2 REEETE -,

SHEOFEELTIE. KB7 L 7RICET 2 KG EUV BT AR MLVOBEBIZOWTHAGRICOVWTHRET 22 2 b
12, BT —& ¥ EUV ST ORBZEH OIS OWT bR T 5,

KBEH 5D X ## (0.1-10 nm) MM (EUV: 10-124 nm) ftiE. R FBAKTOREFRNF2 BT 228
T, BHEOERICHFS L TW3, BHEHEEESH EomEIcHEH IR TV, BHEEOREIZABD 11 £/
HRKG 7L 7R EDERNLHRIZ I > THEHT 2720, HELBERBELZHRMAET 27201213, BHEERE 2
B PRS2 BBETH 3,

BHEEANDOEED K EWKIEG X 4R - EUV ST O8HZ. ATHEOEAHEICR LN THE, —H. KE» S DG
DS BBEPFIIH ETEHETE 2, KBER L KB EUV BEHIMHERBEWZ s TE Y., ThE CEMEL ST
BREIBIEA DO KGR OF B % BED 281213 F10.7 £\ 5 2.8 GHz O EIED EUV o 7ax s v LTHWSRT
X7, L LEE, EUV B RARZ FALDOEBNIKEIC X o TR 2720, F10.7 7213 TIREBICHIBRBIRE ICHE L
TVWABH ZHATERNZ BT >TER, 2D/ TIE, Zhang & Paxton (2018) d X 5 &4 % T
BEVRBHL DO BB 7 — X 6 KiG EUV BBt OERE2 B 225N R IR TV 3,

INFECTRGAPEHICBWT, ZEKOEBIRBES 2 S EUV SRR MLVEBRERT 25 E1T - 72, BiJIL5EE R
IEt (NoRP; 1, 2, 3.75, 9.4 GHz) ¥ Learmonth solar radio telescopes monitor (610, 1415 MHz) O#HlF— X ZH W3 2
& C. TIMED/SEE T##Hl X7z BUV S AR ML ZHEIREE CBABEET 2 Z 2l L, £z, BEE0F
EEHWE Z 22X o T, EOREEDEND EUV St OBEBIZFES LTV A 2RIoWTd 05D, 1 GHz % 2 GHz
WV o TR WETRB DO ER D BEUV BT OBBICKELFELTWE Z 390 o7,

SENEAFE 7 L 7IICBIT 3 KB EUV B ARZ b LOBEREZRA, NoORP ODZEETF— X206 7L 7HIC
SORCE/XPS THHIX N7z EUV F— X OFRZHRATL 25, T4 BWHELR SN TV nm OMGHIFERT =
=75, AHEEE N EUV St o FIRIE#E L <. £7- SORCE OB REEX S 0REETH D 7L 7RO F— 2 +712i8
LN ol-, FEEENCE T 2HmEITERP o, 72T, FFESMEEED 10 #dD SDO/EVE OF — X ZHH L.
FTILT7ARY P D EUV S EOREOHREHIEL 2, B, EUV 7 —XHICT7 L 74 RV b2 & OBEGHE
EEREEED L7z d 0% ANE, BB UBSMEEE AN LR SE2, ZO/E, 213D 4 nm TERRWHEED R
5., BT —ZoKE7 L 7HIZET % EUV OLMERSEZ H 2 RERHTE -,

SHEDOFERTIE. KE7 L T7RICB 2 KB EUV BT ART P LVOBEBUZOWTHAERICOVWTHRET S 2
12, BT — &2 EUV BT ORBEZEBOFRICOWT ki3 5,



R010-09
A£IE 1924 PM2 (15:45-18:15)
16:30~16:45

HEKEBRERE E Bz ERERN I 5 AEHRERE
#REOTIE D 8 25T Y, el B2, g RAID, B Y 5 Y
(4 R HHOBRI, 2 DR, 3 B (S e

Solar radiation wavelengths that directly generate the Earth’s ionospheric E-layer
#Akimasa Ieda®) ,Kyoko Watanabe?) ,Shinnosuke Kitajima?) ,Michi Nishioka®),Hidekatsu Jin®), Tomoaki Hori®)

(Unstitute for Space-Earth Environmental Research, Nagoya University,(®?National Defense Academy of Japan,®National
Institute of Information and Communications Technology

Solar radiations ionize the Earth’s neutral atmosphere to generate the ionosphere. The ionospheric E-layer is characterized
by horizontal electric currents, which cause geomagnetic variations and Joule heating. These quantities are often modeled
using the maximum electron density of the E-layer. According to Chapman’s ionospheric formation theory, this maximum
electron density is proportional to the square root of the solar radiation energy flux. The solar radio flux F10.7 (10.7 cm,
2.8 GHz) index has been often utilized as a proxy for solar flux in models of ionosphere, including the model of E-layer
maximum electron density. However, this usage of F10.7 may be inappropriate because the E-layer is not generated by the
solar radio wave but Lyman f3.

In this study, we compared the maximum electron density with solar fluxes, namely, the F10.7 index, Lyman {3 (103
nm), and Lyman a (122 nm). We used the Lyman a data (daily values) collected by the University of Colorado using
multiple satellite observations. We calculated Lyman {3 flux using an empirical relationship with Lyman a . Hourly values of
maximum electron density were obtained from ionosonde observations conducted at Yamagawa station in Kagoshima, Japan,
operated by the National Institute of Information and Communications Technology. Data from 1991 to 2023 were used for
the analysis.

A least squares fitting to the data gave similar correlation coefficient with the maximum electron density among the three
solar flux quantities. However, the fitted lines showed qualitative differences regarding the origin. The line fitted to the Lyman
[ data passed through near the origin. This result suggested that Lyman [3 directly controls the Earth’s ionospheric E-layer.
In contrast, the line fitted to the F10.7 index deviated from the origin. This result implies that the F10.7 index should not be
directly used in models associated with E-layer, and its offset needs to be subtracted prior to calculations. This correction
presumably improves models of ionospheric conductivity, geomagnetic variations, and Joule heating.

HIPKERERE T, E ISR LKPFERD, #KEH Y 2 - MAZGI I LTWE, Ths0WHEIE,
EBORRBETEEZHVWTETMELEN S, ZORKETHEEIX, Chapman OEREEAL IR L2 &, KBS~
7y 7 ZAOFHRRHHIT 5, ChET, KBHRH 7 Z v 728 LT, KB&EK F10.7 458 (10.7 cm, 2.8 GHz) 25w
LTV, Lo LHEGERIICIE, RRBEFHEEZERL TWL DR, KFEKTIZZR < Lyman B4 (103 nm) TH 3,
F10.7 #8802 V2 2 & OZ 4 S5 TiRh o7z,

ARFFETIE. F10.7 - Lyman 3 - Lyman a (122 nm) %, E BREKEFEE L LR Lz, Lyman aldaw 5 FREIHE
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2023 FETOT =& % HWz,
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BTld7 4 v b LEEREBEAD OBz, 1€- T, F10.7 % E BICBR L2 E 7 VICHERNICHV 25513, FIiR%E
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SuperDARN - powerful tool for space weather studies
#Nozomu Nishitani)
(nstitute for Space-Earth Environmental Research, Nagoya University

In space weather research, knowledge of the temporal and spatial distribution of ionospheric and thermospheric distur-
bances is essential not only for applications, but also in terms of understanding their relationship with the solar, solar wind,
and magnetospheric disturbances, which can be utilized for future space weather forecasts.

SuperDARN (Super Dual Auroral Radar Network) is a High-Frequency (HF) radar network consisting of more than 35
large HF radars in high and mid-latitude regions of the northern and southern hemispheres, based on international cooper-
ation among more than 10 countries. From the HF radio wave echoes backscattered by ionospheric or ground/sea surface
irregularities, the distribution of ionospheric convective velocity and ionospheric plasma density variations can be obtained
with a high temporal resolution of 1-2 minutes.

The SuperDARN provides unique information on ionospheric convection distribution information with high temporal res-
olution (1-2 minute intervals) on a global scale, which can never be obtained by any other instruments. The radars also
yield ionospheric plasma density fluctuation distributions associated with TIDs (Traveling Ionospheric Disturbances), and
lower thermospheric neutral wind velocity distributions obtained from meteor echoes and other sources. Furthermore, it has
recently been found that they provide detailed information on ionospheric density variations associated with solar flares, and
detailed information (including parameters that cannot be obtained by other instruments) on ionospheric variations associated
with earthquakes and volcanic eruptions.

Initially, SuperDARN was established to cover the geomagnetic latitudes poleward of 60° to deal with aurora-related phe-
nomena. However, ionospheric / thermospheric disturbances at subauroral latitudes, in the expanded auroral ovals during
geomagnetic disturbances, and mid-latitude disturbances, were also found to be the targets of SuperDARN. Since around
2005, mid-latitude SuperDARN radars have been installed in various regions, and currently, more than half of the longitude
areas in the Northern Hemisphere are covered by mid-latitude SuperDARN radars. Moreover, several equatorial and low-
latitude SuperDARN-type radars are under construction or planned to monitor ionospheric disturbances in the equatorial and
low-latitude regions.

This presentation will present an overview of SuperDARN and its importance in space weather research, scientific achieve-
ments on selected recent topics utilizing SuperDARN, and its future directions.

FHRLAMEICH T, EhEE - AEEE TOBRILOKRE - 2RO 2 WS R R S Z 21k, EHRISHZETTRL,
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a—»o, BHEE O 7S X< HEEONTEE - BELZEO DM E 12 2REO SR REETE2 e TE 3,
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TRRLTEZ D TERNI— 7 RERERBET ZHAEZE L TS, X S BHEE EEL S > Bt
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Reproduction of electron density variation in the ionospheric D region during so-
lar flares by the PHITS and GAIA models

#Shinnosuke Kitajima'),Kyoko Watanabe®) Hidekatsu Jin?) ,Chihiro Tao?),Michi Nishioka?),Kiyoka Murase®)

(1National Defense Academy of Japan,(*National Institute of Information and Communications Technology, ®Department of
Polar Science, the Graduate University for Advanced Studies

Solar flares emissions cause ionization of the ionosphere and rapid variation in electron density. In particular, short-
wave communication failure caused by increased electron density in the ionospheric D region (60-100 km) is known as the
Dellinger phenomenon (Dellinger 1937) and are mainly attributed to flare X-ray emission. In order to estimate the occurrence
of Dellinger phenomenon and their magnitude, it is necessary to accurately understand the altitude distribution of electron
density variation in the ionosphere caused by solar flare emission. The GAIA (Jin et al., 2011) is one of the effective numer-
ical simulation models which can provide the electron density variations throughout the ionosphere in solar flare emissions,
but it does not yet account for ionization in the ionospheric D region.

In this study, we used PHITS code (Sato et al., 2018), a particle transport and collision simulation code using the Monte
Carlo method, to simulate electron density variations in the ionospheric D region due to flare X-ray emission. The X-ray data
observed by GOES/XRS are input into PHITS with the solar zenith angle taken into account, and the altitude distribution of
the ionization rate (q) is calculated. The electron density (n.), which includes ionized recombination, is derived from n,? =
a osf / q using the effective recombination coefficient (a .y ) given by Gledhill (1986).

The scale of the Dellinger phenomenon can be known from the minimum reflection frequency f,,,;,, value observed by the
ionosonde. We derived f,,,;,, value from the PHITS calculation results, and are compared with the f,,,;,, values obtained from
the GAIA calculation and the observed. The results showed that the f,,,;,, value derived from the PHITS calculation more
accurately reproduces the observed f,,,;,, value than the f,,;,, value from the GAIA, and the blackout capture rate is better.

In this presentation, the differences between the PHITS and GAIA simulations and their evaluation will be discussed in
detail.
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Atmospheric ionization impact of EMIC-wave driven energetic electron precipi-
tation events

#Kiyoka Murasel),Ryuho Kataoka®'2)  Takanori Nishiyamal’Q),Yasunobu Ogawa1’2),Yoshimasa Tanakal'?) ,Masaki
Tsutsumil:?) Kaoru Sato®)

(IThe Graduate University for Advanced Studies (SOKENDAI),(QNational Institute of Polar Research, 3The University of
Tokyo

Electromagnetic ion cyclotron (EMIC) waves have been known as one of the main drivers of energetic electron precipi-
tation (EEP) into the Earth’s atmosphere. Ozaki et al. (2022) showed that EEP associated with EMIC wave activity causes
localized mesospheric ozone depletion, suggesting a non-negligible impact on atmospheric variabilities. However, it is
difficult to quantitatively discuss the global impact of EMIC-wave driven EEPs due to the lack of comprehensive observations
of the energy range (i.e., ionization altitude), ionization intensity, and spatial extent.

In this study, we attempt to characterize these ionization profiles focusing on the evaluation of the ionization impact of
EMIC-wave driven EEPs based on the intensity, duration, and spatial extent of the ionization captured by ground-based
measurements. We use observational data from the imaging riometer, the atmospheric radar, PANSY, and the magnetometer
at Syowa Station (CGMLAT=-66.5) in 2016-2019, which provide information of the intensity/spatial structure of ionization,
ionization altitudes, and wave spectra, respectively, respectively. We found at least 350 events of EMIC-EEP candidates
in which the mesospheric ionization coincides with the EMIC wave activities. The MLT distribution of events peaks on
the afternoon side (14 MLT). Most of the events were related to injections of particles during substorms, and only about
10% were thought to be caused by solar wind compressions. Ionization signatures at altitudes below 60 km, indicating
>MeV electron precipitation, were confirmed for 40 % of the events. So far, only these basic statistical investigations
have been completed, while the the evaluation of ionization impact is still ongoing. In this presentation, we will discuss the
evaluation in terms of the characteristics of ionization profiles due to differences in the physical properties of waves, i.e.,
wave intensity/frequency, and compare them to ionization impacts from EEPs by other mechanisms, such as chorus waves.
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Effects of solar radiation by SOLAR-C/The Solar Spectral Irradiance Monitor
(SoSpIM) observation on the Earth’s upper atmosphere

#Kyoko Watanabe®),Shinnosuke Kitajima'),Ryosuke Okubo'),Louise Harra?),Valeria Buchel?),Shinsuke Imada®) Hirohisa
Hara®) Toshifumi  Shimizu®,Yoshizumi Miyoshi® Nozomu Nishitani®), Tomoaki Hori® , Akimasa Ieda® Hidekatsu
Jin™ Chihiro Tao™

(INational Defense Academy of Japan,(>PMOD/WRC,®The University of Tokyo,(*NAOJ,*ISAS/JAXA,®Institute for
Space-Earth Environement Research, Nagoya University,("National Institute of Information and Communications Technol-

ogy

JAXA'’s next solar mission, SOLAR-C, is designed to provide a comprehensive understanding of energy and mass transport
and energy release from the solar surface to the solar corona and interplanetary space using EUV spatial spectroscopy of the
EUV High-Throughput Spectroscopic Telescope (EUVST). To enhance the scientific capabilities of SOLAR-C/EUVST, The
Solar Spectral Irradiance Monitor (SoSpIM) has been developed by the Physical Meteorological Observatory in Davos World
Radiation Center (PMOD/WRC) in Switzerland to be installed on the SOLAR-C. SoSpIM will provide full Sun irradiance
with sub-second time cadence combined with the spatially resolved spectroscopy from EUVST, and specifically address
solar flares and the effects of solar radiation on the Earth and planets.

SoSpIM observes radiation from full Sun in two observational wavelength bands, EUV (17.0-21.5 nm) and Lyman- a
(111.5-127.5 nm). By having a redundant system with three independent channels for each wavelength band, SOLAR-
C/EUVST degradation and contamination can also be monitored.

Extreme ultraviolet (EUV) radiation observed by SoSpIM plays a major role in controlling the composition of the Earth’s
upper atmosphere: EUV channel radiation is absorbed mainly in the ionospheric E and F regions and Lyman-alpha channel
radiation is absorbed in the ionospheric D region, and the composition of the Earth’s atmosphere is believed to change around
these altitudes. In particular, rapid fluctuations of these radiations due to solar flares are known to cause significant changes
in the composition and altitude distribution of the ionosphere, leading to space weather phenomena such as communication
failures.

Therefore, we have established an international SoSpIM science team to discuss what kind of space weather research is
possible using SoSpIM data. In particular, the Japanese side is studying the specific impact of the solar radiation spectrum
on the ionosphere by comparing the data with observations of the Earth’s ionosphere (e.g., lonosonde and SuperDARN) and
model calculations (GAIA).

In this presentation, we will report on the current development status of SoSpIM and the results of our study of the impact
of solar radiation which will be observed by SoSpIM on the Earth’s upper atmosphere.
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Forecast of Geomagnetic Field Disturbances Using the Empirical Model for Space

Weather

#Naoko Takahashil),Aoi Nakamizo) ,Kaori Sakaguchil) ,Daikou Shiota?)

(1National Institute of Information and Communications Technology, *National Institute of Information and Communications
Technology, ®National Institute of Information and Communications Technology (NICT)

The geomagnetic field disturbance, known as the indicator of the magnetospheric disturbance on the Earth, is one of
the essential indicators for the space weather forecast. The magnetospheric condition strongly depends on the solar wind
variation associated with, for example, coronal mass ejection and/or co-rotating interaction region. Particularly, strong solar
wind inputs cause a drastic change of the ring current, resulting a magnetic storm that can be detected as a global change of
magnetic field both in space and on the ground. The disturbance field (Dst) index, which is a parameter that indicates the
magnitude of the ring current, is referred to understand the magnetospheric condition. In this study, we adapt the Dst index
forecasting model based on two empirical models proposed in O’Brien and McPherron (2000) and Keika et al. (2015). We
also attempt to estimate K-index that commonly used as the criteria for geomagnetic disturbance alerts in Japan.

For a few hours forecast, DSCOVR spacecraft data are used as the inputs. The estimated Dst index shows a good correlation
with the observed Dst index, especially during when the solar wind has a strong southward interplanetary magnetic field
(IMF). The comparison between observation and model indicates that the main contribution for our model is solar wind
velocity and north-south component of IMF during the moderate magnetic storm. We also estimate K-index using the Dst
index and compare with the K-index calculated from the geomagnetic field variation at Kakioka (called as Kakioka K-index).
The estimated K-index can predict the disturbed condition of real magnetosphere, which timing corresponds to the Kakioka
K-index. However, the estimated K-index overestimates comparing with Kakioka K-index. Since the Dst index is defined as
an envelope of magnetic field variation observed at four low latitude stations, such error is likely to cause when Kakioka is
away from the station where the maximum variation is detected. We also perform a few days forecast using SUSANOO-CME
data as the inputs. The decrease of Dst index estimated from SUSANOO-CME data is reproduced though it is smaller than
that of the observed Dst index.
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Modeling of Geomagnetically Induced Current (GIC) in Japan assuming various
three-dimensional ground inhomogeneities

#Satoko Nakamura®), Yusuke Ebihara®) ,Shigeru Fujita®), Tadanori Goto®)

(1Nagoya University,(*Research Institute for Sustainable Humanosphere, Kyoto University, ®Joint-support center for data
science research/The Institute of Statistical Mathematics,* Graduate School of Life Science, University of Hyogo

We modeled the time series of geomagnetically induced currents (GICs) flowing in the Japanese 500 kV power grid. The
three-dimensional distribution of the electric field was calculated using the finite-difference time-domain (FDTD) method.
A three-dimensional electrical conductivity model was constructed from a global relief model and a global map of sedi-
ment thickness. First, we imposed a uniform sheet current at 100 km altitude to illuminate the influence of the structured
ground conductivity. The simulation result shows that geomagnetically induced electric field (GIE) exhibits localized, un-
even distribution that can be attributed to charge accumulation due to the inhomogeneity below the Earth’s surface. The
charge accumulation becomes large when the conductivity gradient is parallel to the incident electric field. Using the uneven
distribution of GIE, we calculated the GICs flowing in a simplified 500 kV power grid network in Japan. The influence of
the structured ground conductance on GIC appears to depend on a combination of the location of substations and the direc-
tion of the source current. Uneven distribution of the power grid system gives rise to intensification of the GICs flowing
inremote areas where substations/power plants are distributed sparsely. Secondly, we used the equivalent current inferred
from the ground magnetic disturbance for some magnetic storms. We show the sensitivity of the GIC magnitude on the
three-dimensional ground inhomogeneity.
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Estimation of geomagnetically induced current (GIC) using the global MHD sim-
ulation of the magnetosphere 5

#Shinichi Watari®),Aoi Nakamizo?, Yusuke Ebihara®

(INational Institute of Information and Communications Technology,*National Institute of Information and Communica-
tions Technology, ®Research Institute for Sustainable Humanosphere, Kyoto University

We are studying the estimation of geomagnetically induced current (GIC) using the result of the real-time global magne-
tosphere MHD simulation conducted at NICT. To make estimation of GIC, the following steps are required: (1) calculation
of geomagnetic variation from the simulation result, (2) calculation of electric field variation from the geomagnetic variation,
and (3) calculation of GIC from the electric field variation. We are considering the necessary points for these. The results
of the simulation were used to calculate high-latitude geomagnetic variations at the required points because the coupling
between the high-latitude ionosphere and the magnetosphere was calculated in the simulation. We calculated the electric field
variations at several points using a time series of the geomagnetic variations obtained by the simulation and one-dimensional
earth conductivity model. High-density geomagnetic observations are desirable for the GIC calculation although actual ob-
servation density is not so high. We examined the applicability of the Spherical Elementary Current Systems (SECS) model
(Amm and Viljanen, 1999) for the Japan area using the observation data. We will report the results of these studies.

NICT TfT5>TW% 270 — LEAE MHD & 2 2L —>a >y DU 7L X A AFFEORFBRE F W OIS FHEE R
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EoBME KB DAy TV Y IEZFELTV20T, SEEFEBOMBSREINCEL T, I a2 —> a2 v ofh
Rr VT, RELMHETOMMKEH ZHE T2 220 TE 3, ¥ alb—ya X DB INMRSEB OIS
7 —REBER L, —XTOH FMEEEEFALEZREL TWL OO R TESBEFHOHERIT - 72, PIRBEE OIS
ZENCR L TIE. Bt FBHII T — 22 A& 35 BFERCOVWTHRE 21T o 7. GIC DFtEZITH BRI, HE
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1707z, M LOMREKEIN T — %% AT L SECS EF A EHWTR v & 2 RICHE L 72 iR TOMBSRAB OFHE L
TaHliZ 4T o 720 RFELRTIZZN S DMEHFERICOWTHET %,
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Annual electron dose on Himawari8: comparison of SEDA-e observation with
empirical model estimation

#Kaori Sakaguchi®),Shinji Saito!), Tsutomu Nagatsuma®)

(INational Institute of Information and Communications Technology,?National Institute of Information and Communications
Technology

Total ionizing dose (TID) effects are common problem in space. Major sources of TID at geostationary orbit are energetic
electrons in the outer Van Allen radiation belt and solar energetic particles (SEPs) accompanied by solar flares. Space
environment data acquisition monitor (SEDA) onboard Japanese geostationary meteorological satellite Himawari8 have been
observing such energetic electrons and protons since November 2014. In this study, annual changes in electron dose are
estimated from the SEDA-e observation by inputting yearly fluence data to SHIELDOSE-2 model assuming 1-mm Aluminum
sphere shield. The annual electron dose was found highly varying year to year. It was highest in 2017 during the declining
phase of solar cycle 24, and lowest in 2020 in the period near-minimum of the cycle. The electron dose based on SEDA-
e observations are compared estimation based on AES trapped electron model which are commonly used for spacecraft
designing. Recently AE9 was newly released as upgraded model of AES. Observation based dose values were also compared
with AE9 and other available model-based doses. The comparison results will be presented in the talk.
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Improvement of bias current subtraction for Himawari-8/SEDA-e observation
(No.2)

#Tsutomu Nagatsuma®) ,Kaori Sakaguchi?)

(INational Institute of Information and Communications Technology, ®?National Institute of Information and Communica-
tions Technology

Space environment data acquisition monitor (SEDA) onboard Himawari-8 has been operating since Nov. 2014. SEDA has
two sensors. One is high energy electron sensor (SEDA-e) and the other is high energy proton sensor (SEDA-p). SEDA-e
measures internal charging currents produced from high energy electrons (from 0.1 to 4.5 MeV) collected by 8 plates arranged
in a stack. Electron fluxes are estimated from the charging currents. Since the charging currents are quite small, it needs to
be amplified by operational amplifier. This means that bias current is contaminated as a offset of particle flux. Therefore, we
need to remove the bias current effect. We use bias current model based on the pre-flight measurements for subtraction. The
bias current model is a function of temperature. This works well for the beginning of Himawari-8/SEDA observation. How-
ever, the background flux level tends to be increase as time goes on especially for higher energy channels. Using long period
of high energy electron flux and temperature data of the sensor, we try to estimate the optimal bias current as a function of
temperature. In this presentation, we will introduce improving bias current subtraction for SEDA-e observation and evaluate
the quality of data using inter-calibration of GOES/SEISS data. We also introduce operational space weather intercalibration
activity under Global Space-based Inter-Calibration System (GSICS).
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Response of high-altitude clouds to the GCR variations in tropical regions
#Hiroko Miyahara') , Kanya Kusano?) ,Ryuho Kataoka®),Shin-ichiro Shima*),Emile Touber®
(IMusashino Art University,(?Nagoya University,®National Institute of Polar Research, *University of Hyogo, ®OIST

Correlations between solar activity and climate have been reported for various time scales; however, the detailed mecha-
nisms behind the connection still need to be clarified. Galactic cosmic rays (GCRs) are one of the possible mediators of the
Sun-climate relationship, and it has been suggested that they may impact cloud activity by forming aerosols or by promoting
the collisional processes in clouds. Originally, it was suggested that low-altitude clouds over oceans are responding to GCR
variations; however, a consensus has not been established. Cloud chamber experiments have indicated that GCR-induced
aerosol formation is more efficient at lower temperatures (i.e., upper troposphere). In this presentation, we show that tropical
clouds associated with deep convections respond to the variations of GCRs. We show that a number of conditions are required
for clouds to be affected by GCRs.
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Activities for the renovation of cosmic-ray data publication and analysis environ-
ment

#Masayoshi Kozai®), Yuki Hayashi?),Chihiro Kato?) ,Kazuoki Munakata® , Yoshimasa Tanaka®), Yasuyuki Minamiyama?)
(1ROIS-DS, ?Faculty of Science, Shinshu University, ®National Institute of Informatics

Galactic cosmic rays observed on Earth reflect the environment on various scales, such as the heliosphere, interplanetary
space, magnetosphere, and atmosphere. In particular, ground-based observations of muons and neutrons are characterized
by excellent statistics, or temporal resolution, and long-term stable observations by robust observation systems. These di-
verse scientific topics and large data accumulation of our cosmic-ray observations are expected to have a high affinity with
data-driven approaches. We are constructing a new data publication and analysis scheme (figure below) that utilizes external
services and remote repositories, aiming to promote further utilization of cosmic ray data and cross-disciplinary collabora-
tion. In this presentation, we will report on these activities.
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Nighttime geomagnetic response to jumps of solar wind dynamic pressure:

A possible cause of Quebec blackout in March 1989

#Tian Zhang"), Yusuke Ebihara®) Takashi Tanaka?)

(1Research Institute for Sustainable Humanosphere, Kyoto University, ?International Center for Space Weather Science and
Education, Kyushu University

By performing a global magnetohydrodynamic (MHD) simulation, we investigated magnetic disturbances on the ground
at high-latitudes in response to jumps in the solar wind dynamic pressure, namely a sudden commencement (SC). After the
arrival of the jump, a pair of field-aligned currents (FACs), related to the preliminary impulse (PI), develop and travel in the
anti-sunward direction. Soon after, another pair related to the main impulse (MI), travel in the anti-sunward direction. The MI
current remains strong when propagating to the nightside, and it flows clockwise on the dawnside. Consequently, northward
(southward) magnetic disturbance appears at higher (lower) latitudes in the post-midnight sector. These features are similar
to those observed in the high-latitude post-midnight sector during which the Quebec blackout took place on 13 March 1989.
The MI current appears regardless of the amplitude of the jumps of the solar wind dynamic pressure and the polarity of north-
south component of IMF. The amplitude of the geoelectric field, which is closely related to the geomagnetically induced
currents (GICs) reaches the maximum value just before and around the maximum of the southward magnetic disturbance.
This is consistent with the moment at which the blackout occurred during the southward magnetic perturbation. We suggest
that the blackout in Quebec was caused by the MI-associated Hall current passing over the Hydro-Quebec power system on
the nightside. The nighttime polar region is shown to be sensitive to hazardous GICs when a large-amplitude jump of the
solar wind dynamic pressure comes.
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Development of an outer radiation belt forecast model using the XAI

#Yuta Nishimiya'), Yoshizumi Miyoshi?), Tomoaki Hori®),Satoko Nakamura®) , Masafumi Shoji'),ChaeWoo Jun®), Takefumi
Mitani® Tku Shinohara”™ ,Takeru Takashima” ,Kazushi Asamura® ,Nana Higashio®),Shinji Saito?) ,Daikou Shiota'®)
(Unstitute for Space-Earth Environmental Research, Nagoya University,®Institute for Space-Earth Environmental
Research, Nagoya University, ®Institute for Space-Earth Environmental Research, Nagoya University, *Institute for
Space-Earth Environmental Research, Nagoya University, ®Institute for Space-Earth Environmental Research, Nagoya
University, 6Japan Aerospace Exploration Agency, Institute of Space and Astronautical Science,("Japan Aerospace Ex-
ploration Agency/Institute of Space and Astronautical Science,®Japan Aerospace Exploration Agency/Institute of Space
and Astronautical Science,°National Institute of Information and Communications Technology,(!°National Institute of
Information and Communications Technology

The radiation belt is a region in the inner magnetosphere where the most energetic electrons in geospace are trapped
by the Earth’s magnetic field. Large flux variations of energetic electrons are observed in association with geomagnetic
disturbances, and a sustained large flux of the outer belt electrons often leads to the satellite anomaly. The prediction of flux
variations for energetic electrons is therefore essential in mitigating these risks. We have developed a forecast model of the
outer belt flux variation using the recurrent neural network (RNN) with the long short term memory (LSTM). This model
is designed to forecast the time-variation of the electron flux in the outer radiation belt at energies ranging from several
hundred keV to several MeV at L = 4-6. As inputs for the model, we used daily average solar wind parameters (solar wind
velocity and IMF-Bz), and electron flux obtained by HEP and XEP onboard the Arase satellite for last three days. The
model succeeded in predicting the electron flux for most of the time intervals to which the model was applied, although the
forecast skill became small in cases when the flux decreased at high L positions. To improve the model in this regard, we
have incorporated additional solar wind parameters into the model. The previous studies have indicated that the solar wind
dynamic pressure contributes to the loss of the outer belt flux via magnetopause shadowing. In fact, our revised model, using
the solar wind density, improves the forecast skill. Moreover, we have also incorporated eXplainable Artificial Intelligence
(XAJ) into our developed model to investigate relative contributions of the input parameters on the electron flux variations.
The diagnosis using XAl technique indicates that the time-integrated value of southward IMF is more important than its
simple daily average, suggesting that prolonged southward IMF causes the flux enhancement more efficiently in the outer
radiation belt.
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The Impact of the Geomagnetic Storm Event of February 2022 on the Inner Ra-
diation Belt by Test Particle Simulations

#Kirolosse Girgis"), Tohru Hada'),Shuichi Matsukiyo'-?), Akimasa Yoshikawa'3), Abraham Chian*>)

(1Kyushu University, International Research Center for Space and Planetary Environmental Science,®Faculty of Engineer-
ing Sciences, Kyushu University,(®Department of Earth and Planetary Sciences, Kyushu University, (*School of Mathematical
Sciences, University of Adelaide, Australia,(5N ational Institute for Space Research (IN PE), Brazil

We investigate the impact of the geomagnetic storm event of 3-5 February 2022, known as the “SpaceX” storm, on the
inner radiation belt response. Observations showed that an M1.1 solar flare erupted on January 29 and ended up as a shock-
driving magnetic cloud (MC), which was the reason for the occurrence of this geomagnetic storm.

A three-dimensional relativistic test particle simulation code was developed to compute the particle trajectories in the inner
magnetosphere region. The guiding center Tao-Chan-Brizard model was selected to study the particle dynamics of the radia-
tion belt. The implemented background magnetic field was a time-varying field reproduced by the IGRF-13 and Tsyganenko
Model TS05, with the associated inductive electric field computed by the Biot-Savart Law.

The numerical simulations reveal the inner proton belt dynamics during the three geomagnetic storm phases, including the
variations of the proton flux in the South Atlantic Anomaly (SAA).

In order to estimate the resulting radiation impacts on the Low-Earth Orbit (LEO) satellites, adequate modelling of the
inner proton belt during a magnetic storm is relevant.
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Mid- and low-latitude electric fields response to CW development during isolated

substorms
#Moe Hayashil) ,Akimasa Yoshikawa?
(IKyushu University,(?Department of Earth and Planetary Sciences, Kyushu University

The purpose of this study is to understand the development of a global three-dimensional current system from the polar to
equatorial regions during substorms based on ground-based magnetic field observations and FM-CW electric field observa-
tions.

The polar ionospheric current system consists of Region 1 currents that fluctuate in conjunction with the magnetospheric
convection system and Region 2 currents that vary with the pressure gradient region of the inner magnetosphere [lijima and
Potemra, 1976, 1978]. In addition, at substorm onset, a current wedge (CW) current system develops that forms a current
closure similar to that of the R1 ocean current system.

The magnetic field variations associated with CW are prominent in the night-side mid to low-latitude regions. It was
modeled by McPherron et al.(1973). Using ground-based magnetic field data from MAGDAS and SuperMAG, we capture
the development of CW current systems during substorms. By comparing the results with electric field data from the FM-
CW Ionospheric Observatory installed by Kyushu University in Paratunka (PTK), Russia, we analyze the electromagnetic
response in the mid- and low-latitude regions.

In this research, we investigated 418 quiet event (pre-substorm electric field was within == 2mV/m from one hour before
onset to onset), out of 1790 isolated substorm cases that occurred between September 21, 2006, and December 31, 2010,
when PTK was on the night side (19:00-24:00, 0:00-05:00). Among these 418 cases, we compared the electric and magnetic
fields for the 50 cases in which the electric field fluctuated more than &= 2 mV/m with substorm onset. As a result, we found
that the amplitude of electric field fluctuations correlates with the intensity of the westward auroral electrojet. Furthermore,
we found that the direction of the electric field is correlated with the Hall polarization effect induced by the ionospheric
currents excited by the CW [Yoshikawa et al., 2013], by classifying the relative position of the CW and the observation point
from mid-latitude magnetic field data.

On the other hand, significant fluctuations were not observed at the onset in many other events (368/418) compared to the
pre-substorm fluctuations. In investigating these events, we found that even at the same auroral electrojet intensity and local
time, electric fields fluctuated significantly in some cases, but not in others. Therefore, we believe that the magnitude of
electric field fluctuations reflects not only the auroral electrojet and CW, but also the background magnetosphere/ionosphere
conditions and the solar wind conditions. In this presentation, we report the results of a comprehensive discussion of night-
side electric field variations during substorms, based on a detailed classification of geomagnetic disturbances, analyzed in
combination with the Kp index and the IMF Bz of the solar wind, in addition to the index (SML) of substorms.
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Dawnside Surface Charging Events on the Defense Meteorological Satellite Pro-
gram F16 Satellite

#Mariko Teramoto®) , Teppei Okumura®) ,Kiyokazu Koga?),Craig Kletzing®) John Wygant*) Nobutaka Tanishima?) Hiroyuki
Okamoto?) ,Kentaro Kitamura®)
(IKyushu Institute of Technology,(*Tsukuba Space Center, Japan Aerospace Exploration Agency,®University of
Iowa,(4University of Minnesota

To predict surface charging events in the low Earth orbit (LEO), we investigated the interactions between LEO surface
charging and plasma environments using precipitating electrons and ions flux data from the Special Sensor J5 (SSJ5)
instrument onboard the Defense Meteorological Satellite Program (DMSP) F16 spacecraft, which orbits at an altitude of 8§33
km and an inclination of 98.9 deg in dawn/dusk local time. SSJ5 can detect the differential flux of electrons and ions with
energies from 30eV to 30 keV using 19 energy channels. The aperture of SSJ5 is tied to the spacecraft ground. Therefore,
the aperture of the instrument has the same potential as the satellite when the satellite surface is charged negatively with
respect to ambient plasmas. The negative-floating aperture accelerates ambient cold ions and enables the SSJS to detect an
extreme enhancement in ion flux within a single energy channel. By identifying such extreme enhancements in ion flux data,
we can monitor anomalous charging events of the DSMP F16 satellite.

In this study, we analyzed the ion flux data of SSIS/DMSP F16 between 2009 and 2019 and found approximately 1400
surface charging events. The charging events were distributed at auroral latitudes (65-80 deg MLat) as well as pre-midnight
(20-24MLT) and morning sectors (03-06MLT). This result indicates that the surface charging events are not only associated
with auroral arcs, whose occurrence is maximized in the pre-midnight sector (Partamies et al. 2014). From the surface
charging event list, we examined one conjunction event where the DMSP F16 was located at “05:50 MLT while the RBSP-B
satellite was located at 05:00 MLT. During this event, the RBSP-B detected clear chorus waves. This result may suggest that
high-energy electrons precipitated by the chorus waves contribute to the surface charge in the LEO.
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Statistical analysis of the surface charging plasma environment in the inner mag-
netosphere using the Van Allen Probes data

#Daichi Matsui®),Masao Nakamura?)

(10saka Metropolitan University,(?Department of Aerospace Engineering, Osaka Metropolitan University

Electrostatic discharging associated with spacecraft surface charging sometimes causes damage to solar panels and space-
craft anomalies. We study the plasma environment inducing spacecraft surface charging in the Earth’s inner magnetosphere.
We have analyzed spacecraft potential and plasma environment from the Electric Field and Waves Suite (EFW) and the
Helium, Oxygen, Proton, and Electron (HOPE) onboard the Van Allen Probes. We found that negative surface charging is
observed around the geostationary orbit from the midnight sector to the morning sector. We also found that the ambient
electron pressure of the negative surface charging events in daylight is higher than most of the noncharging events. We will
discuss the statistical results on the plasma environment’s characteristics that induce surface charging.
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Geomagnetic Field Observation Project by YOTSUBA-KULOVER Satellite with
COTS Magnetomete

#Kentarou Kitamura'),Hirokazu Masui®),Shuji Abe?),Teiji Uozumi') ,Mariko Teramoto®),Akiko Fujimoto!) ,Kei Sano'), Akimasa
Yoshikawa®) ,Mengu Cho')

(IKyushu Institute of Technology,(®Joint Support-Center for Data Science Research,*Kyushu University,(*YOTSUBA-
KULOVER Team

Geomagnetic observation by the satellite has been conducted by many institutes to understand the global structures of the
ionospheric and magnetospheric currents. It is well known that understanding temporal and spatial variations of these current
systems is much important to improve the space weather forecast.

We started a development of CubeSat as a student program mostly for undergraduate students to observe the small
perturbation of the geomagnetic field at the LEO, especially, altitude of less than 400km. Focus of the observation is to
measure the global distribution of the Sq (Solar quiet) currents in the dayside ionosphere as well as the disturbed magnetic
field variations (such as 3D-structure of the substorm current wedge and Pc5 pulsations) associated with Storm/Substorms.

In this study, we propose the 2U-size CubeSat in which the COTS (Commercial Of-The Shelf) fluxgate magnetometer is
installed to observe the small perturbation of the geomagnetic field. The fundamental feasibility studies depending on the
electric power budget, the link budget, and specification of the magnetometer show that the observation of the Sq current by
CubeSat is well feasible with a short duration of the development and quite low-cost.
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Current Status of SWFO-L1 ground station

#Yuki Kubo®),Daikou Shiota?)Hiroyuki Yamakawa')

(1National Institute of Information and Communications Technology, ?National Institute of Information and Communications
Technology (NICT), ®National Institute of Information and Communications Technology

Real-time monitoring of the solar wind in 24/7 is extremely important for space weather forecasting. In order to monitor the
solar wind in interplanetary space, the Advanced Composition Explorer (ACE) spacecraft was launched at the first Lagrange
point (L1) in 1997 and started observations. Subsequently, the Deep Space Climate Observatory (DSCOVR), the successor
to ACE, was launched also at the L1 point and has been monitoring the solar wind since 2015.

Since these spacecraft are located at the L1 point, the data cannot be downlinked during nighttime on the ground, so
international colaboration is essential to achieve real-time monitoring in 24/7. Currently, the National Institute of Information
and Communications Technology (NICT) is contributing to the 24/7 monitoring of solar wind as one of the centers of an
international network of ACE and DSCOVR real-time receiving ground stations called the Real-time Solar Wind Net.

DSCOVR has already taken 8 years since its launching, and the SWFO-L1 project, the successor to DSCOVR, is currently
underway under the leadership of the NOAA, aiming for a launch in 2025. NICT has been approached by NOAA to participate
in the SWFO Antenna Network (SAN), and is now preparing the SWFO-L1 ground station as one of the SAN members.

In this presentation, we will report on the progress of the SWFO-L1 ground station in the NICT Kashima Space Technology
Center.
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New open database of high-resolution solar radio bursts observed by the spectro-
polarimeter AMATERAS

#Hiroaki Misawa®) ,Fuminori Tsuchiya2) ,Takahiro Obara® ,Kazumasa Iwai? ,Yoji Kuwayama
(1Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku Univeristy, ®Planetary Plasma
and Atmospheric Research Center, Graduate School of Science, Tohoku University,®The Open University of Japan, Miyagi
Study Center,*Institute for Space-Earth Environmental Research, Nagoya University, ®Faculty of Science, Tohoku Univer-
Sty

5)

We have performed daily observation of solar radio bursts since 2010 using the high-resolution spectro-polarimeter named
AMATERAS (the Assembly of Metric band Aperture TElescope) installed on IPRT (litate Planetary Radio Telescope) for
the purposes of investigating acceleration processes of solar energetic particles and plasma environment of the solar corona.
The AMATERAS system has a real time FFT function which provides continuous solar radio bursts data with the temporal
resolution of 10msec and spectral resolution of 61KHz ( ‘high-resolution’) for both right and left handed circular polarized
waves in 150-500MHz. Since the start of solar radio bursts observation with AMATERAS, we have made the ’low-resolution’
database with the temporal resolution of 1sec and spectral resolution of 1MHz in the FITS format and have opened to the
public via the internet. On the other hand, we have provided the high-resolution data only on request because the data are
stored in a proprietary format and the individual data sizes are too large for online data transfer. Recently we have converted
the data format to FITS and have created a database by reducing a single file size by shortening its duration with the aid of the
IUGONET (Inter-university Upper atmosphere Global Observation NETwork) project. Now, the new database is just ready
for public release via internet. In the presentation, we will introduce this new high-resolution solar radio bursts database with
some examples of highly resolved solar radio bursts, and will also mention the on-going project of updated AMATERAS
with a wider wave length range and more sensitivity.

Acknowlegements: This work was carried out by the joint research program of the Institute for Space — Earth Environ-
mental Research (ISEE), Nagoya University, and with the supports of the [IUGONET project.
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Relationship between Ly a and Ly 3 emissions during solar flares
#Ryosuke Okubo'), Kyoko Watanabe!),Shinnosuke Kitajima®
(INational Defense Academy of Japan

Electromagnetic radiations of various wavelengths are emitted during solar flare events and are known to have a significant
impact on space weather. Lyman-a (Ly a, 121.6 nm) is ultraviolet emission from the chromosphere and transition region,
is the strongest emission in VUV region even in radiation from the quiet Sun and is said to contribute to the formation of the
Earth’s ionosphere. However, Lyman- 3 (Ly (3, 102.6 nm) has a shorter wavelength than Ly a, so Ly 3 is considered to
have a greater impact on the Earth than Ly a, and this is also same during solar flares.

Lemaire et al. (2012) investigated the relationship between Ly a and Ly {8 irradiance in solar cycle variations. From
this previous study, it was found that the Ly a/Ly { irradiance ratio varies from solar maximum to minimum and that
it fluctuates periodically. However, the relationship between Ly a and Ly {3 radiation during solar flares have not been
discussed or studied. In this study, we investigate the relationship between Ly a and Ly 3 emissions during solar flares and
their effects on the Earth’s upper atmosphere.

In this study, we used Ly {3 data from  SDO/EVE, which can observe ultraviolet radiation from the entire solar surface
with high wavelength resolution, and data from GOES/EUVS-E, which regularly observes Ly a. First, the relationship
between Ly a and Ly {3 emission was investigated using data from M-class or larger flares that occurred from February
2010 to 2014, when these instruments were observing simultaneously.

The temporal variation of Ly a and Ly [3 emissions during solar flares are similar in most cases. The increase in Ly a
irradiance is about 10% , consistent with previous observations (e.g. Dominique et al., 2018). The Ly a/Ly [ irradiance
ratio during flare showed a tendency for the Ly a/Ly 3 ratio to decrease as the Ly a emission increased. This indicates that
Ly B emission has a higher increase rate than Ly a emission. In fact, the increase rate in emission was less than 10% for Ly
a and about 20% for Ly f3.

On the other hand, there were a few flare events in which the light curves of Ly a and Ly 3 irradiance was not consistent.
In these events, the flare duration was relatively long, and the peak time of soft X-ray and Ly a emission sometimes deviated
by more than 10 minutes. It is possible that the Ly a/Ly [ ratio may have changed during the flare in events with longer
flare emission durations.

In this presentation, we will report on the details of the variability of Ly a and Ly [ emissions in solar flares, compare
them with data from ionosonde observations of the Earth’s ionosphere, and discuss the impact of Lyman series radiation from
the Sun on the Earth’s ionosphere.
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Dipole Tilt Effects on Modeling of Soft X-ray Imaging of the Earth’s Magneto-
sphere

#Ryota Momosel), Yosuke Matsumoto?, Yoshizumi Miyoshi?’)

(Graduate School of Science and Engineering, Chiba University,(2lnstitute for Advanced Academic Research, Chiba
University, ®Institute for Space-Earth Environement Research, Nagoya University

The charge exchange between high charge-state ions in the solar wind and the Earth’s exosphere (geocorona) emits
soft X-rays. This emission process, termed SWCX (Solar Wind Charge eXchange), is useful for visualizing the dayside
magnetosphere and its response to solar wind variations. The SMILE and GEO-X missions have been proposed to provide
soft X-ray images of the magnetosheath and cusps and will contribute to a better understanding of the dynamic response of
the Earth’s magnetosphere.

For this purpose, we have developed a global magnetohydrodynamic simulation model of the magnetosphere (Matsumoto
and Miyoshi, 2022). The model can provide three-dimensional distributions of the soft X-ray intensity from the plasma
parameters. Then line-of-sight integrations of the intensity distribution give a two-dimensional X-ray map as a virtual
observation in the simulation domain. In this model, however, the magnetic dipole axis is aligned to the z-axis of the
computational domain. To run simulations under more realistic conditions, we introduce the dipole tilt. This inclination
leads to the position change of the bright emission regions: cusps and magnetic reconnection sites. In this presentation, we
report the status of the model development and discuss the dipole tilt effects on the intensity and distribution of 2D X-ray
maps seen from a high-latitude spacecraft orbit at solstice during northern summer. The inclusion of the dipole tilt into the
numerical model will contribute to more accurate predictions and physical understandings for the imaging missions.
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Effects of CME-driven and CIR-driven storms to satellites and debris orbital de-
cay

#Issei Inoue!), Akiko Fujimoto
(IKyutech Institute of Technology, *Kyushu Institute of Technology
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Space weather refers to the environmental conditions near the Earth as influenced by solar activity, and is closely related
to our daily lives. For example, solar flare is a typical space weather phenomenon and can cause malfunctions of spacecraft
flying near the Earth. Various Space weather phenomena especially affect the plasma environment in the upper atmosphere,
known as the ionosphere. As, a recent sever space weather impact related to the ionosphere, February in 2022, a geomagnetic
storm caused by CME knocked out about 40 satellites of SpaceX Starlink network shortly after launch. The February CME-
driven geomagnetic storm created a disturbance in the upper atmosphere that enhanced satellite drag conditions and reduced
satellite stability, leading to the loss of 38 satellites. In other words, most of the satellites were  forced into lower levels of
the atmosphere where they burned up.

Recent increase in the number of near-Earth flying objects means an increase in the risk of collisions between flying ob-
jects, such as satellites and debris, and their re-entry into the atmosphere, causing them to fall to the ground. Engineering
approaches include satellite operation planning and satellite design to prevent further increase of space debris.

On the other hand, as a space weather research approach, it is important to estimate the scale of influence of space weather
phenomena (especially, magnetic storms), which are external factors of orbital change and decay of satellite and debris, and to
monitor there orbits by using appropriate space weather-induced orbital decay effect prediction models. This study addresses
the latter perspective.

We investigated the relationship between space weather and debris parameters (Dst, IMF Bz, debris size, inclination and
initial altitude) and orbital decays of satellite and debris during 55 magnetic storms occurring from 2006 to 2018. The 55
magnetic storms include both CME-driven and CIR-driven storms. We divided them to two groups corresponding to the
source of storms and analyzed the effect of the size, inclination and initial altitude of satellites or debris to the orbital decays.
During the analysis period, we found the long-duration large-amplitude IMF Bz, as a proxy of the Rule heating effect to the
thermospheric dynamics and composition, significantly associated with large decay events. We will discuss the influence of
CME-driven and CIR-driven magnetic storms on satellite and debris decays in the short, medium, and long term in terms of
space weather.
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Improvement of real-time probabilistic forecast of >2 MeV electron fluence levels

on geostationary orbit

#Shinji Saito!), Yuki Kubo?

(1National Institute of Information and Communications Technology, *National Institute of Information and Communications
Technology

Relativistic electrons that constitute Earth’s radiation belts are considered as a cause of anomalies on artificial satellite.
As space weather monitoring and forecast in NICT, we have monitored the variation of the radiation belt electron flux on
geostationary orbit observed by GOES-16 and 18 satellites.

We developed the probabilistic forecast model of radiation belt electrons by using a deep learning (DL) method, RadeAl.
The method implements multi-layer perceptron which has the input layer, three hidden layers, and the output layer. The
softmax function is applied on the output layer which generates probabilities of four fluence levels of radiation belt electrons
with 24 hours lead time. The input layer receives the solar wind and electron fluence data past 72 hours with time resolution
of 1 hour. We evaluated the accuracy of the forecast by taking ROC curves and reliability diagram with consistency bars. The
results show that there was room for improvement in accuracy.

In order to improve the accuracy of RadeAl, we consider input data set to be more appropriate for the forecast of fluence
level of >2 MeV electrons than the current model. The input data set for the current model was 1-hour averaged data, so
the information of temporal variation within 1 hour was completely eliminated. We will evaluate the influence of solar wind
temporal variation within 1 hour on the >2 MeV electron fluence. By choosing the input data set that has higher correlation
with the variation of the fluence, RadeAl would become possible to forecast more accurately. In this presentation, we will
show the performance of the improved RadeAl by comparing with the current one.
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Evaluation of model uncertainty due to input and internal parameters of GAIA
#Hidekatsu Jin"), Yasunobu Miyoshi?) ,Chihiro Tao® ,Satoshi Andoh®) ,Hiroyuki Shinagawa®),Hitoshi Fujiwara®

(1National Institute of Information and Communications Technology, ?Department of Earth and Planetary Sciences, Faculty
of Sciences, Kyushu University,(3N ational Institute of Information and Communications Technology,(4International Research
Center for Space and Planetary Environmental Science, Kyushu University,Faculty of Science and Technology, Seikei
University

Prediction of the earth’s upper atmosphere is one of the important issues in the space weather research. Variations of
ionospheric electron density and thermospheric mass density have significant impacts on the use of GNSS applications, the
stable operation of satellites in low earth orbits, and so on.

For the purpose of upper atmospheric prediction, we are developing a data assimilative model using a whole atmosphere-
ionosphere model called GAIA, with an ensemble Kalman filter method. The assimilation method is to find the most probable
solution from observation errors and model uncertainties, and therefore it is important to reproduce the model uncertainty
well in the ensemble in order to improve the performance of the assimilation calculation. It is also useful to understand how
much model error exists and what causes it when interpreting model results.

In this study, we selected several input and internal parameters used in GAIA that could be uncertain. and examined the
degree to which these uncertainties contribute to the extent of spatial distributions and temporal changes in the ionosphere
and thermosphere.

From this result, we discuss the optimal uncertain parameters to introduce into the data assimilation scheme.
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Ionospheric Space Weather Informatics
#Akiko Fujimoto®)
(IKyushu Institute of Technology

Dynamic changes in the environment caused by the sun and solar wind often also affect telecommunication networks,
power grids, and other infrastructure. One significant influence of solar activity is seen in disturbances in satellite navigation
services, GPS/GNSS, due to space weather impacts on the upper atmosphere, known as the ionosphere. We operate ground-
based FM-CW radars to observe the ionosphere at four sites in Japan and overseas. Also we have developed the SDR
(Software-Defined Radio) -based scintillation detector system and examine the GPS scintillation. These remote sensing have
generated big data of ionospheric environment observation. In order to understand the ionospheric environment in real time
and to infer future space weather, we have developed a technique to obtain useful information from past cases that occurred
under similar space weather conditions by high-speed computation and processing of observation data. We will present
examples of our current research efforts in Ionospheric Space Weather Informatics.
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Development of compact GNSS scintillation system based-on SDR technology and
packaged S4 index visualization tool

#Hayato Nakamura®),Akiko Fujimoto!),Shuji Abe?)

(IKyushu Institute of Technology, ®International Research Center for Space and Planetary Environmental Science, Kyushu
University

Characteristics of radio propagation related to the ionosphere are used in fields such as positioning and communications.
Disturbances in the ionospheric environment cause changes in the amplitude and strength of signals passing through the
ionosphere, which have various adverse effects on our society. Continuous monitoring of the ionospheric environment is
important to predict these effects. The objective of this study is to develop a scintillation sensor using GNSS signals as an
ionospheric monitoring system. The proposed system requires to be based-on the software defined radio technology device
as a signal processing unit (it will be combined with the existing FMCW radar in near future) and to reduce the cost of
equipment and transportation for multipoint observations.

In this study, the proposed system consists of a GNSS scintillation unit based-on the software defined radio technology,
and a scintillation index calculation unit based-on a Raspberry Pi and Python . The GNSS scintillation unit obtains the
GNSS signal strength values from the navigation data (ephemeris) received in the process of coordinate positioning and flows
them to the following S4 index (signal strength scintillation index) calculation processor. The scintillation index calculation
unit provides S4 index and produce several summary statistical variables and quick look figures for visualizing the GNSS
scintillation variation.

We will present that continuous operation test resulted in the successful S4 index observation with our proposed system.
The observation time resolution of the present system is 30 seconds. We will also report a new improved system with a higher
time-resolution (20 Hz) than the current measurement model and a proposed visualization tool (application) for the GNSS
signal intensity and S4 index.
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Search for geomagnetic variation of equatorial electrojet using string matching
and its application

#Ryoma Nishiguchi'), Akimasa Yoshikawa?),Akiko Fujimoto®)

(IKyushu university,(?Department of Earth and Planetary Sciences, Kyushu University, ®Kyushu Institute of Technology

The strong eastward zonal current near the magnetic equator on the day side (Equatorial Electrojet: EEJ) is enhanced by the
cowling effect, especially within & 3 degree. The EEJ causes significant changes in the ground magnetic field, especially in
the north-south component on the dayside. EEJ is superimposed over various physical phenomena, including the interaction
between the atmosphere and ionospheric plasma, solar wind disturbances. Thus, it plays a critical role in the coupling of the
solar wind-magnetosphere-ionosphere system.

Over 150,000 days of geomagnetic field data has been collected at Kyushu University. It takes an enormous amount of
time and effort to manually detect specific patterns from this large amount of data. Therefore, an automatic and quick detec-
tion method is needed. Matsuyama (2021) showed that “string pattern matching” is useful for analyzing EEJ geomagnetic
variation patterns of EEJ. In the proposed method captured the characteristics of the graph by replacing numerical increases
and decreases with strings. By searching for specific string patterns, similar variations are extracted. They also demonstrated
the rapid and automatic detection of EEJ variation patterns from hourly magnetic field data. Furthermore, a comparison of
search speeds between two string search algorithms, the Knuth-Morris-Pratt (KMP) algorithm and the Rabin-Karp algorithm,
revealed that the Rabin-Karp algorithm is effective when searching for longer strings. On the other hand, the characteris-
tics of geomagnetic variation are captured by replacing geomagnetic variation patterns with characters, so if the number of
characters to be replaced is small, the original characteristics cannot be captured correctly, resulting in a problem with search
accuracy.

In this study, we conducted string conversion on 1-minute low-pass filtered data. We used approximately 4000 days from
2012 to 2018 of magnetic field data collected at the DAVAO [GM Lat.-2.2] station. We found that 12 and 18 characters could
represent 70% and 99% of the total variation pattern, respectively. This method enables the extraction of typical EEJ, morning
CEJ, and afternoon CEJ patterns under quiet conditions from over 4000 days of data in approximately 0.2 seconds, using a
standard PC. This high search speed allows for more efficient analysis compared to traditional manual extraction techniques.
In this presentation, we will discuss the results of classifying the variation patterns of the extracted EEJ using string matching.
Furthermore, we plan to discuss the classification of various types of events, including DP2-type events, sudden geomagnetic
variations caused by solar flares (solar flare effect: SFE), and events that take place during complex magnetic disturbance.
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Geomagnetically Induced Currents (GICs) Related to Ionospheric Sq Currents in
Mid-Latitude Regions: A Case Study in Japan

#Shun Ideil) ,Satoko Nakamura?), Yoshizumi Miyoshi3),Yusuke Ebihara® ,Shinichi Watari®

(nstitute for Space Earth Environmental Research, Nagoya University,(?Nagoya University, ®Institute for Space-Earth En-
vironement Research, Nagoya University,(*Research Institute for Sustainable Humanosphere, Kyoto University,(°National
Institute of Information and Communications Technology

Geomagnetically induced currents (GICs) are electric currents induced near the Earth’s surface due to fluctuations of the
Earth’s geomagnetic field, which are caused by variations of currents in the magnetosphere and ionosphere. GICs, possessing
properties like direct current, are known to significantly affect transformers, which are designed for alternating current. The
main causes of geomagnetic fluctuations that cause GICs are equatorial ring currents in the magnetosphere and ionospheric
Sq currents caused by the tidal winds due to the solar heating of the thermosphere. These current changes in the upper at-
mosphere induce variations of geomagnetic fields, subsequently causing GICs. Much research has been conducted on GICs
caused by equatorial ring currents because of their potential risk to significantly damage the safety of power transmission
systems. On the other hand, GICs associated with ionospheric Sq currents occur every day, and their fluctuations may impact
the stability of power supply, potentially causing power losses. However, research on this topic has not yet been adequately
advanced. Particularly, very little research on long-term analyses of GIC measurements possibly related to ionospheric Sq
currents in mid-to-low latitude regions like Japan have been performed. In this study, we have analyzed a long-term data set
of GIC measurements recorded in a specific region in Japan. Utilizing statistical methods, specifically the Seasonal-Trend
Decomposition using LOESS (STL), we have attempted to isolate and remove fluctuations in GICs caused by equatorial ring
currents to identify variations of GICs during geomagnetic quiet periods. We compared the derived GICs with ionospheric
Sq currents. We also compare with variations of the geomagnetic indices to validate the reliability of our model. Our re-
search contributes to understanding the underlying causes of power irregularity related to GICs and provides insights into the
mitigation of potential adverse impacts on power transmission systems.
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Schumann resonance parameters at Kuju and global lightning activity

#Akihiro Ikeda®), Teiji Uozumi?),Akimasa Yoshikawa®),Akiko Fujimoto® ,Shuji Abe®)

(1Kagoshima National College of Technology,?LaSEINE, Kyushu Institute of Technology, ®Department of Earth and Plan-
etary Sciences, Kyushu University,(*Kyushu Institute of Technology,®Joint Support-Center for Data Science Research

The Schumann resonance (SR) is the global resonance of electromagnetic waves generated by global lightning activity.
SR parameters, which are amplitude and frequency, reflect the properties of both global lightning activity and the state of
the Earth-ionosphere cavity. In this study, we compared SR amplitudes with global lightning activity and examined their
relationships in terms of seasonal variation.

We investigated the SR detected by an induction magnetometer at low-latitude station Kuju (KUJ; 33.06 N, 131.23 E) by
comparing global lightning activity. The global lightning activity was derived from the satellite-based total lightning data
obtained by the Optical Transient Detector (OTD) and Lightning Imaging Sensor (LIS). Monthly time series of flash rate
were investigated in this study.

Generally, SR amplitudes in a day show peaks which correspond with the major thunderstorm centers. Lightning activity
develops after a mean delay time of “3hours with respect to the solar zenith. Thus, the lightning activities of Africa, Asia,
south-east Asia, South America, and North America peak at around 15 UT, 10 UT, 08 UT, 20 UT, and 23 UT, respectively.
The peak of flash rate in north America appeared in July and August. SR amplitude at 23 UT became correspondingly maxi-
mum in August. In the case of Africa, flash rate became minimum in June and July. Similarly, SR amplitude at 15 UT became
smaller in June, July, and August. The feature suggests that the SR corresponds with African lightning activity. The flash
rate for specific regions and SR amplitudes at specific UT showed the similar seasonal variations. We concluded that the SR
amplitudes at KUJ reflects global lightning activity.
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